Adventures In Filtering! 
5 – Filter-Clipping Composite Shapes
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Introduction: Composite Shapes
Some of the more interesting and useful capacities in Inkscape have to do with procedural repetition.  We can do a simple thing, and Inkscape can repeat it for us in graphically interesting ways; tiled clones, interpolation, stitching sub-paths, etc.  And filtering is part of this set of ways; once you create a filter, you can apply it to multiple objects at the same time.
And if these multiple objects happen to be arranged in a larger, composite shape, then the application of that filter to all of those objects at the same time can have really interesting results for that larger graphic.
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One of the most used and most useful composite shapes is a diamond (or square, depending on its orientation) composed of eight triangles arranged around a central point where they meet.  To show this, we can make a simple triangle, with some simple identifying information.  The shape of the triangle is specific; it should be one half of a square.  This will make the eight triangles fit together nicely.
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We’ll add some identifying information so we can track the triangles better.

And now we’ll arrange some copies of this triangle.  
We can place four of them around a center point like this.
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Or like this for a diamond shape:
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But now there’s a slight hitch; the triangle 
is not the right shape to fit in the remaining four slots. 
 It wouldn’t make a good composite shape.
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The shape we need is just like our triangle, but facing the other way.  So we make a reflected copy of our triangle, and make four copies of this reflected triangle:
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These four should fit perfectly among the original triangles.  Like so:
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or            
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This arrangement is powerful because 
1) the triangles fit together to make a very common and usable shape, and 
2) even though the patterns or content of the filter may be very complex, both sides of each triangle will exactly match the sides of the triangles next to it.  So there is an interesting symmetry that occurs automatically.  Above, we can see how the blue lines match up, and the green lines match up. The same applies no matter how complex the pattern is.
These two traits are common to many composite shapes.
However, there are other traits that make this part of a more elite set of shapes.
3) All of the individual objects are oriented the same with regards to the center and the edge; they have the same physical relationship with “inner” and “outer” (or at least the same reflected relationship).
4) Between the center and the edge in any direction the shape is only one object deep.  There is not a second “layer” of objects around the outside, for instance.

These last two characteristics mean that the composite shape is particularly well suited to filter-clipping, ie. a single filter clip applied to all of the individual objects (via applying the filter to all) will result in a coherent “clipping” of the overall composite shape.

We are going to apply a filter to our triangles.  It will be the same filter applied to all eight triangles, so they will all be identical (except that four of them will be reflected.)  This means that any change we make to the filter affects every triangle the same way.  If we changed our filter to produce a black fill instead of a blue one, there would automatically be eight black fills in our composite graphic instead of eight blue fills.
As a mental experiment to better understand how the gradient design works in the composite shape, let’s make a composite graphic out of eight triangles, without the help of filters.  We want some complexity so we’ll start with a design that results from two overlapping gradients.  (This gradient example was provided by Lazer, in his Generic Cross v1.)  The filter we build later can be based off this gradient pair.
Gradient 1

Gradient 2
      Combined
We’ll take half this square as our base triangle.
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This combined gradient triangle (and its reflection) will be the basis of the filter.  We won’t know what the end result will look like until we’ve filtered it, but we can get a rough idea of how the filtered objects will work together by putting these unfiltered objects together.

There’s nothing special looking about this gradient pattern.  But once we start putting it together with its twins, a more distinct pattern starts to emerge.

We have a design now, so let’s arrange it into a composite shape.  

Duplicate the triangle and flip it, to get a reflected copy.  Rotate the reflected copy around so that it fits against the original triangle, and this will make one pair of triangles.   When we put them together, we can see a football shape in the middle, with some arrow-like repetitions at the end of the football.  
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Four pairs will form the larger composite shape.  

The artist chose to orient the triangles so the the top right corner of this pair of triangles became the center of his composite graphic, a diamond shape.  We make copies, rotate them around and position them together.
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We now have the basis of a composite drawing.  
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We made this out of objects; we applied gradients, combined them, cut the shape, duplicated it, reflected it, arranged the various objects and put them together.

But since we’re going to be applying a filter, much of this we don’t need to do.  (
Instead, all we need to do before starting on the filter is to have our eight triangular objects arranged.  They don’t need to be patterned with gradients; we’ll do that in the filter.
So we just need eight plain triangles. (Four of them will still need to be reflected copies, to fit right.)

So.  Make a triangle, copy it and flip it, and make three more copies of each.  Rotate each copy and arrange them around a center point.  (If you’re using paths, remember to group each one before you start arranging them, so they retain your rotations for later.)  Then we’re done with the objects, and can 
turn to the Filter Editor.
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The filter we’ve prepared is based off the same combination of gradients we used above, and then we tweaked that pattern with color and displacement, etc.  When we apply this filter to our triangle, we can see a similarity to the gradient triangle we made earlier in this tutorial.
If the original triangle had not been moved, it would look like this when we apply the filter.  The second figure shows the filter applied to both triangles together, original and reflected.  This pattern resembles the one we got from our gradient triangles earlier.
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Filter applied to one triangle:



Applied to the two top triangles:
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To all eight triangles at once:
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Nice!
Now that we can see the whole graphic at once, we see there is a pattern like a butterfly in the square-ish area in the middle.  We want to clip this composite graphic down to the size of that square.  However, the graphic is made of eight triangles.  So how can we clip the whole thing down to a square?

I could of course just clip the whole thing now, with a mask.  But I’m going to need this filter to produce the square shape of the butterfly every time, and we don’t want to have to manually clip it each time we apply it.  So if the filter can do the clipping for us, then we won’t have to go through all that stuff.

Let’s look at how we can clip something using the Filter Editor.
Using the Composite Primitive to “Clip” Your Filter

When we use and combine filter primitives in the Filter Editor, certain actions (such as displacement, offset, etc.) will cause the filtered result to be moved somewhat in one or more directions.  In addition, fills can spill over into the bounding areas, causing incorrect or messy results.
A common way to get the filtered result back to where it started is to add a Composite primitive at the very end of your filter chain.
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As its top input, the Composite receives the final result from your last filter in the chain.   The bottom input is pointed at the Source Graphic (the object that you applied the filter to) and the Composite primitive’s mode is set to “In”.

When you set the Composite primitive mode to In, the primitive will “paint” whatever it receives from the top input (a color, an image, etc.), but it will only paint it where the bottom input exists and is opaque.

If the bottom input shows a partial transparency in some places, those areas will be “partially painted” in the filter.

So even though the filter’s results may have spread to places outside the original Source object’s borders, when we set the bottom input of a Composite (with mode: In) to that object, it will only produce the filtered result within the boundaries of the object.

In essence, we have clipped the filter to the confines of the original object.

Clipping a Composite Shape With Filters
We should clear up one confusion; the “Composite” primitive doesn’t have anything to do with the fact that we are going to be using it in a filter that is applied to a composite shape.  Those are two different uses of the word “composite”.  A composite shape is simply a shape composed of multiple shapes or objects.
Let’s look at what we are trying to do.  We have a composite shape of a diamond that we want to clip.  We want to clip it to the square-ish area in the middle, where the butterfly shape is:
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When we look at the individual triangles, what this means is that we want to chop off the outer half of each triangle.  For example if we look at the triangle outlined in green, we can see that it needs to be cut off at the red line, which means we want to remove the outer half of the triangle.  
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Here’s the excellent part.  The same part of every other triangle of the eight needs to be chopped off at exactly the same place, and same angle.  That means if we can design the filter to make  a cut for the triangle outlined in green, right at that red line, then the same filter will cut every other triangle correctly too. Because it’s the same outer half that needs to be chopped off in all eight cases.
So we need to make the filter take the triangle from this to this:
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…where the white area stands for transparent or removed.



Recall that the way the Composite primitive “clips” is that it prints only where there is opacity in the second input.  So, what we need is an image that is opaque only for the bottom half of the triangle, and is transparent for the top half.  Then the Composite primitive will not put any fill in that top half, and it will be effectively clipped.   And if that triangle gets clipped correctly by the filter chain, then so will all the other triangles, as soon as the filter is applied to them.

That seems pretty straightforward.  We can make a half-transparent image for the filter to use.  The confusion comes when we try to figure out where that transparent half should actually be.
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The important bit here is how the triangle was originally positioned 
(or the original triangle that this one was copied from).  
Before we copied and rotated the triangles, it was 
positioned like this:
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Which would mean that 

the “top half” which we want to
 be transparent is here, at 

the lower left:

So we need a gradient that changes abruptly from opaque to transparent (for a clean crisp boundary), and it needs to be set up diagonally, with the opaque half at upper right, and the transparent half at lower left.

Then when the filter applies this to the triangles, it will not print the part we don’t want.

And that same filter should also work correctly for the other seven triangles.

We don’t think that the shape of this transparency map will particularly matter, since it’s the gradient we’re after for using in the filter.  Positioning of the map object probably will matter however, and so we’ll opt for a simple square of the same size and position as our original gradient squares.  
We’ll apply a simple linear gradient to that square, opaque at top right and transparent at bottom left, with a very sudden transition from one to the other.

Then we’ll pull that into the filter chain with an Image primitive set to our map object, and then a Composite set to In mode with the bottom input pointed to our object.  And we’ll see what happens!
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So.   We’ve created a square and applied a steep gradient with a sudden transition from opaque (black) to transparent (where you can see the gradient square underneath it) and oriented the alpha gradient as desired.  

Now we can add an Image filter to our filter stack, and set it to this half-transparent square…

We added an Image primitive to our stack, and with this square still selected, we clicked the “Selected SVG Element” button in the effect parameters tab to point it to our alpha map object.  (Note: in versions earlier than 0.92 this button may not work properly.)


The eight triangles of our filter disappear, replaced by a black square (at right).  When we realize this black square is composed of eight black triangles that are each invisible on their outer half, then we suspect we have been successful.  

(The last primitive in the filter stack right now is an Image primitive, a simple half-black half-transparent object, so what shows for the filter at this point is this black & transparent graphic eight times in eight triangles.   This is actually expected.)
The last step is to just add a Composite to this Image primitive and set it to mode In.  The bottom input will already be pointed to the Image primitive, we just need to point the top input back at the filter result (which is the last filter primitive before the Image primitive we just added) and leave the bottom input of the Composite pointed at the new Image primitive.   



And Voila!  We have a square graphic.




Now, any time you apply this filter or variations of it, the desired clipping will also happen automatically.

As an additional example, if you set the diagonal gradient perpendicular to the one we used above, i.e. if your gradient handles in this graphic go from upper left to lower right, that will clip the composite graphic in a way that is perpendicular to the clipping we did to get a square.  This can result in a “crossbeams” shape, like so.
Look at the figure on the left, and imagine where the source triangle is.  Can you see how the crossbeams shape is generated?




Gradient of Alpha map


Result


So to summarize, the steps for this type of “clipping” are as follows.

1) Create an alpha map object with a steep linear gradient.  

· If you can, figure out which way the gradient should face. 

· If that seems too difficult, you can always just make the gradient object and apply it, and then move the gradient around until it does the kind of clipping you want.

2) Add an Image primitive to the end of your Filter stack.

3) Set the Image primitive to your Alpha map object (the Selected SVG Element).

4) Add a Composite Primitive.  Set it to mode “In”, and point the top input at the last filter primitive in your stack (the filter result), and the bottom input to the Image primitive you just created.

That’s it!  Now go filter-clip something.

Or if you haven’t had enough yet, feel free to journey on to the advanced section, filter clipping with radial gradients…


Fluxrider 2019 
Advanced Topics: Clipping With a Radial Gradient

Having successfully clipped our large composite diamond shape into a smaller square shape with a simple linear gradient map, the question arises; what if we used a radial gradient instead of the linear one?  What would that look like?

Well, it turns out this is a question with many answers.  After all, that radial gradient can be larger or smaller, steep or gradual, squashed and stretched, rotated, reflected, or skewed.  All of these actions affect the final result.

If we apply a simple circular radial gradient map to the top pair of triangles only (leaving the rest linear), we get a result like this.

We can also harden the edge (steep gradient) or move the radial  gradient object.  Keep in mind that we are not actually applying a circular gradient, we are applying two half-circles of gradient, one half to each triangle in a pair.  So if we move the gradient (or the object that has the gradient), the two half-circles likely will move in different relative directions.  Here, we’ve moved the gradient map straight down (first example), and then straight up (second example).  The alpha map square is not visible but its bounding box is, so you can see where we moved the alpha map object to get each result.   If we want this radially clipped filtered object to move straight down without skewing it, we need to move the gradient map along the diagonal, toward the top right corner, since that corner is the “bottom” or innermost point of the triangles (the center in the large composite graphic).  The third example below shows this action.  The gradient (bounding box) has been moved diagonally up and right, and the circle has therefore moved straight down.

   


The above are all produced by  a simple circular gradient.  

Suppose we wish to squash the sides of our circle above, to just leave a filtered result of the vertical stem in the middle.  We can squeeze the gradient in the alpha map.  However, we need to remember to squash it in the correct diagonal orientation in order to get the horizontal squeezing we’re after.

Gradient map & two triangles.
   Rotate the gradient, then squeeze the gradient node toward center:
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Here is an example with squeezed gradient applied to all eight triangles, and a black background added.

On the right, the side triangles have a linear gradient applied, and it’s clipping the inside edge this time.

[image: image10.png]


        [image: image11.png]



Once we squash or skew the gradient, it is no longer symmetric in all directions, and now every move of the gradient can have dramatic impacts.

Below is a short set of moved gradients.  The gradient control handles are also visible in these (most of them anyway) to see how the gradient has been moved or rotated or stretched.  
Radial Gradient Clipping Tour

Stretched sideways

Stretched lengthwise

Gradient farther away from triangle

[image: image12.png]



[image: image13.png]



[image: image14.png]0/

. : A
Teo




Stretched lengthwise and… 

Positioned high

Gradient centered
Gradient softened
Widened a bit.  Eggs!

.
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Positioned lower (which places a thicker part of the gradient in the body of the source triangle)
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Hearts!  (


Wider


Larger gradient
           Approaching octagonal
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Rotating from wider to shorter

(Remember you can enlarge the view to see handles better.)
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Gradient positioned high in Alpha map, and rotating around:
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From a high position and stretched hard in the sideways direction, we almost get a square from this radial gradient alpha map.  The corners result from the gradient being stretched all the way into the corner of the source triangles.  The same occurs with the straight edges in the last example in the hearts row.
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It is clear that there are many other clipping results possible with exploration.

Obviously, these changes won’t work exactly the same way in all graphics; the orientation of the alpha map and other details depend on the particular graphic in question.  But you have the idea now.  
